total lipids using the method described by Bligh and Dyer (1959) . The carbohydrates were estimated by difference by subtracting the values of proteins, lipids, dietary fiber, moisture, and ash from 100. The minerals (calcium, iron, and zinc) were extracted from ash with concentrated HCl and temperature and analyzed, and they were quantified by atomic absorption spectrophotometry (spectrophotometer Varian, using instrumental parameters for each mineral (ASSOCIATION..., 1990) .
The amino acid composition in the whole corn and germ fraction was determined at the Protein Chemistry Center of the University of São Paulo (USP, Ribeirão Preto, Brazil) . The samples were acid-hydrolyzed (MOORE; SPACKMAN; STEIN, 1958) , except for tryptophan which was alkaline-hydrolyzed (LUCAS; SOTELO, 1980) and placed in an automatic amino acid analyzer (Nicolas V, USP, Ribeirão Preto, Brazil) . The amino acids were quantified colorimetrically (ALONZO; HIRZ, 1968) . The results of those analyses were used to estimate the Amino Acid Score (AAS) on the basis of the standard established by the Food and Nutrition Board of the Institute of Medicine (2005) and were calculated as follows: mg of limiting amino acid in 1 g of test protein.mg -1 of same amino acid in 1 g of reference protein.
Biological evaluation
The experiment was carried out with 36 weanling male Wistar rats (21-25-days old) from the colony of the Bioagri Laboratories (Planaltina, Federal District, Brazil) . The rats were randomly divided into six groups of six animals each, and the differences in mean body weight among the groups were less than 3 g. The animals were kept in individual cages under standard environmental conditions (temperature -23 ± 2 °C, relative humidity -50-60% and 12-hour light-dark cycles) for 31 days (3 days of acclimation and 28 days of experiment, except for a protein-free group of animals -14 days). The diets were formulated according to the American Institute of Nutrition (REEVES; NIELSEN; FAHEY JR., 1993). The ingredients used in the formulation of the diets and their respective quantities are described in Table 1 . Three 10% protein diets were prepared: Therefore, the chemical composition of the corn germ with pericarp suggests that it has great potential as a raw material for the food industry. However, there are only a few studies about the nutritional quality of the corn germ (BRITO et al., 2005; GUPTA; EGGUM, 1998) , and none of the reported studies has assessed the nutritional quality of the whole fraction (corn germ with pericarp) for human consumption. For this reason, the objective of the present investigation was to evaluate the nutritional and protein quality of this fraction in relation to the corn (whole kernel).
Materials and methods

Samples of whole corn and corn germ fraction with pericarp
The corn used in this study was selected among the bestselling varieties in the State of Goiás (GO, Brazil) with attractive characteristics to the milling industry such as size, color, and kernel toughness. Samples of the selected variety (30F80 -Pioneer®) were acquired in the municipality of Paraúna (GO) and processed by a milling industry (Milhão Alimentos Ltda.) located in the city of Inhumas (GO). After the impurities were removed on a gravimetric table, a sample of whole corn (5 kg) was taken and milled. To obtain the corn germ fraction with pericarp (bran), the corn samples were dry-processed in three replicates as follows: the kernels were moistened at 16.4% moisture and degermed in an industrial multiprocessor (Zaccarias MPZ/AE degermer), in which the germ and the pericarp were separated from the endosperm. This fraction was dried, and a sample (5 kg) was collected and milled for the study.
Chemical analyses
The protein level in whole corn and germ fraction with pericarp, in the experimental diets and in rat feces, was determined by the total nitrogen analysis (Kjeldahl method) (ASSOCIATION..., 1990) using a factor of 6.25 to convert nitrogen into raw protein (FOOD..., 1970) . The corn and the germ with pericarp were also analyzed for moisture and ash (INSTITUTO..., 2005) , for total dietary fiber following Prosky et al. (1988) , and for It was also observed that the germ fraction contains relatively high amount of carbohydrate (31 g.100 g -1 ), similar to that reported for defatted maize germ (around 35 g.100 g -1 ) (GUPTA; EGGUM, 1998) . This unexpected high amount of carbohydrate in the germ fraction may be the result of an incomplete separation of kernel structures during the industrial processing of corn, resulting in a germ fraction with pericarp and endosperm fragments. Furthermore, the high contents of iron and zinc (approximately 5 mg. 100 g -1 ) in this fraction suggest that it is a good source of those minerals ( Table 2) .
The germ fraction presented a good indispensable (essential) amino acid profile with higher level of lysine (57.2 mg.g -1 protein) than the reference value, and its lysine level was approximately 50% higher than that of whole corn (Table 3) . Moreover, the proteins of the germ fraction with pericarp showed higher level of lysine than that reported by Gupta and Eggum (1998) for defatted maize germ (49.7 mg.g -1 protein), a byproduct of the corn oil extraction industry. The level of lysine found in whole corn (37.9 mg.g -1 protein) is also higher than the values reported in the literature for common corn, which varie from 26 to 30 mg.g -1 protein (FOOD..., 1970; GUPTA; EGGUM, 1998; NAVES et al., 2004; PIRES et al., 2006; SHEWRY, 2007) . The dispensable/conditionally indispensable amino acid contents of germ were higher than those of whole corn, mainly due to aspartic acid, arginine and glycine levels, as shown in Table 3 .
In the experiment, there were no significant differences (p > 0.05) in the final weight and weight gain among germ, germ control, and reference groups, as shown in Table 4 . The final weight and weight gain of the corn group were significantly lower than those of its control group (p = 0.0004 and 0.0343, respectively). The food intake of the germ group was significantly higher than that of the germ control group (p < 0.01). The high fiber content of the germ diet (23%) and the resulting high fecal loss from the germ group (Table 5) probably contributed to the higher food consumption. In turn, the higher food intake in the casein with 7% lipids (reference group), germ fraction with pericarp with 15% lipids (germ group), and casein with 15% lipids (germ control group). In addition, two 6% protein diets were formulated: casein (corn control group) and whole corn (corn group). A protein-free diet was also prepared. The food consumption was controlled and the body weight of the rats was assessed three times a week. The experiment was conducted in accordance with the guidelines for the care and use of laboratory animals (NATIONAL..., 2004) and was approved by the Ethics Committee in Research of the Federal University of Goiás (Protocol n° 182/2009).
The experimental data were used to estimate the following indexes: Food Conversion Ratio (FCR = total diet consumed by a test group/weight gain of a test group) (MARTINEZ-FLORES et al., 2004) , Protein Efficiency Ratio (PER = weight gain of test animal/protein consumed), Relative PER (RPER = PER of test animal x 100/PER of reference group), and Corrected PER (PER of test animal x 2.5/PER of reference group) (PELLETT; YOUNG, 1980) . The RPER was estimated by using 10% protein-casein groups (for the germ group) and 6% protein-casein group (for the corn group) as the reference groups. To correct the germ group's PER value, the 10% proteincasein group with 7% lipids was taken as the reference group and 2.5 as the standard value for casein YOUNG, 1980) . In addition, the true protein digestibility (%) was calculated as recommended by the FAO for in vivo tests (FOOD..., 1991) . For this index, each rat's feces was collected during the second week of the experiment, oven-dried (100 ºC for 24 hours), and ground for nitrogen analysis. The Protein Digestibility-Corrected Amino Acid Score (PDCAAS) was also estimated as follows (INSTITUTE..., 2005) : AAS of test protein x true protein digestibility of test animal (%).
Statistical analysis
The data are presented as means ± standard deviation. The results of the chemical analyses (proximate and mineral compositions of germ fraction with pericarp and whole corn) and of the 6%-protein diet groups (corn and corn control) were compared using the Student's t test for unpaired samples. Analysis of variance and the Tukey mean-comparison test were used to analyze the data of the rats on a 10%-protein diet (reference, germ and germ control groups). STATISTICA software (StatSoft, Inc., Tulsa, OK, version 7.0, 2004) was used for the statistical analyses. Differences were considered significant when p < 0.05.
Results and discussion
The proximate composition of the germ fraction and the whole corn is given in Table 2 . The germ fraction with pericarp showed higher levels of proteins, lipids, dietary fiber, ash, and minerals (calcium, iron and zinc) than those of the whole corn. The total dietary fiber on dry matter basis for the germ fraction with pericarp was 30 g.100 g -1 . Therefore, this fraction may be considered a fiber-rich raw material with higher dietary fiber content than that of oat bran (18 g.100 g -1 ) and lower than that of wheat bran (43 g.100 g -1 ) (GRÅSTEN et al., 2002) . protein quality. The literature reports a discrepancy between the values of biological indexes and of PDCAAS for a single protein source (FRIEDMAN, 1996; SOUSA et al., 2011) . The PDCAAS may overestimate the nutritional value of a protein, whereas biological methods, such as the PER, which use growing rats, tend to underestimate the value of some vegetable proteins (SCHAAFSMA, 2000; PELLETT, 1994) . In agreement to those reports, the RPER value of the germ with pericarp estimated in the present investigation (around 80%) was lower than the PDCAAS value (86%). In spite of this, both values indicate that the corn germ fraction with pericarp is a source of good quality protein, similar to that reported for Quality Protein Maize (QPM) (NAVES et al., 2004) and for corn and bean mixtures (ESTÉVEZ et al., 2003) .
It should be emphasized that the nutritional and technological characteristics of the germ fraction with pericarp widen application options for the milling industry. However, the industrial processing of the corn should be conducted in accordance with hygienic-sanitary guidelines to obtain an adequate raw material for human consumption.
Conclusions
The corn germ fraction with pericarp is rich in dietary fiber and is a source of good quality protein and minerals (iron and zinc). It is recommended as a nutritive raw material in the formulation of food products for human consumption replacing corn (whole kernel or samp) and other cereals. Further studies on corn germ fraction with pericarp in processed food and its applicability and nutritional quality should be carried out. germ group may have induced weight gain similar to that of its control (Table 4 ). The food and the protein consumption were significantly lower in the corn group than those of its control (p = 0.0061 and 0.0068, respectively), which contributed to the lower weight gain in the former group, in addition to the fact that the corn protein is lysine-deficient (Table 3) .
The Food Conversion Rate (FCR) ranged from 3.3 to 11.5, as shown in Table 4 . The germ diet presented a greater FCR than that of the reference and germ control diets (p < 0.001). Therefore, the germ fraction was less efficient in promoting rat growth than the casein. On the other hand, this increase in FCR was only 33% compared to that of the germ control diet, which was below the FCR increase for the corn diet in relation to its control (123%). The corn diet showed the highest value of FCR. A high food conversion rate was also observed in rats fed a corn diet with 7% protein (9.6 ± 1.1) for ten days compared to that of the control diet (3.9 ± 0.4) (NAVES et al., 2004) . It shows the lowest dietary efficiency of the cereal-based diet in promoting growth.
The PER value determined for the germ fraction was about 20% lower than that of the control and reference groups, and the PER value of corn was 50% lower than that of casein (p = 0.0001) ( Table 4 ). The corrected PER of the germ fraction was 2.07. Therefore, this fraction may be considered a source of good quality protein since the corrected PER was above 2.0 (80% of the standard value of casein -2.5) (FRIEDMAN, 1996) . No PER value for corn germ protein was identified in the literature. The PER value of whole corn was higher than that reported in the literature (PER = 1.18) (FOOD..., 1970) .
The true protein digestibility of the whole corn was higher than that of the germ fraction (Table 5) , probably due to differences in protein content (lower for corn) and dietary fiber level (higher for germ) in the diets. Despite its lower digestibility, the germ fraction showed higher protein quality than that of the corn (Tables 4 and 6) due to its greater lysine content (Table 3) . According to the FAO, the true digestibility of corn protein is 85% (FOOD..., 1991) , and that of cooked maize germ is 80.8% (FOOD..., 1970) , values close to those observed in this study.
The PDCAAS value was 86% for the germ fraction and 60% for the whole corn, results a bit higher than the values found by the RPER (Table 6 ). The PDCAAS method was recommended by the FAO as the most suitable method for evaluating the protein quality of vegetable foods (FOOD..., 1991) , and more recently it was also recommended by the IOM (INSTITUTE..., 2005) . In turn, the PER is the official method of the Association of Official Analytical Chemists (ASSOCIATION..., 1990) for evaluating Table 6 . Protein value of germ fraction with pericarp and whole corn.
Protein source
Protein value (%) RPER PDCAAS Germ (with pericarp) 77.1 ± 2.9 85.5 ± 1.1 82.8 ± 3.2 Corn (whole kernel) 48.6 ± 10.7 59.9 ± 2.2
Data are mean ± standard deviation; RPER: Relative Protein Efficiency Ratio (relative to reference and control diets, respectively, for germ); PDCAAS: Protein Digestibility-Corrected Amino Acid Score.
